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T()m tat. Bai toan tim ra k mau tudn ty trén co s& dir liéu (CSDL) chudi tudn ty da du:orc nghién ctu va dé
xuat dé giai quyét van dé lam thé nao ngudi dung c6 thé Iya chon mot ngudng hd tro tbi thiéu dé tim ra s6
lrong k mau nguoi dung mong mudn trong bai toan khai thac chudi tuan tu. Giai phap nay dugc danh gia
cao vi chi phi thuc hién thap hon nhiéu so v&i bai toan khai thac chudi tuan ty truyén théng. Tuy nhién hién
tai, qua trinh tim cac mau tuan ty trong bai toan tim k mau tuan tr déu duoc xay dung theo huéng tiép can
phat trién mau va CSDL chiéu nén t6n rat nhiéu chi phi cho viéc thue hién cdc phép chiéu. D¢ giam thoi
gian thyc thi, bai bao nay d& xuat dung ma hoa khdi nguyén t6 dé biéu dién thong tin cac ing vién va tinh
toan do hd tro cia ung vién. Két qua thuc nghiém cho thiy phuwong phap dé xuat c6 thoi gian thuc thi tot
hon so v&i phuong phap chiéu trén CSDL chiéu.

Tir khéa. miu tuan tw, k mau tuan tw, ma hoa khdi nguyén td.

1 GIOITHIEU

Tim ra nhiing tri thic, théng tin ¢ gia tri tir khdi luong dit liéu vo cing 16n duoc hinh thanh tir nhiéu loai
mg dung khac nhau nhit 1 cac ng dung trén internet dé phuc vu cho cudc séng con ngucn la cong viéc
quan trong cua linh vyc khai thac dit li€u noi chung, cung nhu linh vuc khai thac mau tuan ty noi riéng.
Khai thic mau tudn tu trén CSDL chudi tudn tu 1 mot phan quan trong trong lanh khai thac dir liéu va dugc
ung dung rong rdi trong nhiéu linh vire nhu y khoa, gido duc dao tao, kinh té, khoa hoc, x4 héi... Do Vay,
da co6 rat nhicu nghlen ctru duoc dé xuat dbi voi linh vuc nay [1, 2, 3, 4, 5, 6, 7, 8, 9, 10]. Khai thac mau
tuan ty 13 tim tat ca cac chu01 con c6 do pho bién 16n hon ngudng hd tro tbi thiéu do nguoi dung dinh ngh1a
(minsup), nghla 1a chung xuét hién nhién hon minsup lan trong CSDL chudi. Tuy nhién, theo hu’O’ng tiép
can nay th1 van dé la lam céach nao nguoi su dung c6 thé chon duoc gid tri mlnsup sao cho phu hop dé tim
ra dang s6 lugng mau ma nguoi ding mong mudn. Pidu ndy la kho khan va rat ton thoi gian, néu chon gia
tri minsup khong phu hop, thuat toan co thé tao ra qua it s0 lucmg mau c6 y nghia hay qua nhleu mau vo
nghia. Mot van de quan trong dugc dit ra 1 1am thé nao dé c6 thé tim ra duoc dung s0 1u0'ng mau ngucn
dung mong mudn ma khong can pha1 tinh toan de xac dinh minsup 1a bao nh1eu thi t6t nhat. Dé g1a1 quyet
vén dé nay, cac nha nghién ctru gin day da dé xuét giai phap khai thac k mau tudn ty véi k 12 s mAu tudn
tu c6 d9 hd trg cao nhat duge tim thay va dugc mong doi boi nguoi ding. Giai phap nay duoc danh gia cao
vi chi phi thuc hién thip hon nhiéu so vé&i cac phuong phap khai thac mau tudn tu truyén théng. Giai phap
nay khong chi dugc ap dung cho viéc khai thac k miu tudn ti [11, 13], khai thac k mAu tuan ty déng nhur
TSP [13], TKCS [14], ma con hiéu qué trong nhiu bai toan khac trong linh vuc khai thic mau nhu: khai
thac k itemset phd bién [15, 16], khai thac k luat két hop [17], khai thac k lut tudn ty [18].

Thuét toan TSP [13] dugc Tzvetkov, Yan va Han dé xuit dé khai thac top-k mau tuan ty phd bién ma khéng
yéu cau nguoi ding mot ngudng hd trg toi thiéu minsup. Thuat toan dugce xay dung theo hudng tiép can
phat trién mau dua trén thudt toan PrefixSpan [7] dé tim ra cac mau tuan ty. Tuy nhién, thuit toan TSP phai
thuc hién viéc duyét va chiéu trén CSDL chiéu nhiéu 14n nén ton chi phi rit cao dic biét 1a di véi CSDL
day.

Thuat toan TKS [11] dugc Fournier-Viger dé xuat bang cach sur dung thuat toan SPAM [2] dé tao tmg vién
ban d4u sau d6 tién hanh tim va mé rong cac mau tuan tu. Thong tin ctia cac mau ing vién trong thudt todn
dugc biéu dién dudi dang bit vec-to c6 kich thude cb dinh dan dén tidu ton rat nhidu thoi gian dé thyc thi
cac phép giao bit vec-to.

Khai niém ma hoa khdi nguyén td, 1a nén tang ciia 1y thuyét phan tich thira s6 nguyén t6, duge Karam
Gouda va cac cong su dé xuat sir dung trong thuat toan PRISM (Prime-Encoding Based Sequence Mining)
[4] dé khai thac cac mAu tuan ty. Cac két qua thuc nghiém cia PRISM di duoc thue hién, so sanh véi thuit

© 2025 Truong Pai hoc Cong nghiép Thanh ph H6 Chi Minh


mailto:phamthithiet@iuh.edu.vn

Tdc gia: Pham Thi Thiétva cong su

toan PrefixSpan va SPAM cho théy thuét toan PRISM dat két qua tdt nhét vé tdc do cling nhu hiéu qua st
dung bo nhé [4]. Thuat toan SPAM dung thir hai vé tc d6 thuc thi nhung ddi véi CSDL 16n, thuét toan
SPAM thét bai vi khong du dung lugng bo nhd. Trong khi d6, PrefixSpan van cho ra két qua nhung toc do
thyuc thi cham hon so v&1 PRISM.

Dé nang cao hiéu qua cua bai toén khai thac k mau tudn ty, bai bao tap trung nghién ciru va dé xu?it thuét
toan cho bai toan khai thac k mau tuan tu bang cach sir dung phuong phap mi hoa khéi nguyen tb [4] dé
biéu dién thong tin cia cac mau ng vién. Dya trén cach tiép can nay, do hd tro ctia cac mau tng vién dugc
tinh toan truc tlep tr khdi ma hoa mot cach nhanh chéng trong qua trinh khai thac mau tuan tu. Cu the, bai
b4o bao gdm nhitng dong gdp chinh nhu sau:

- Sir dung cac khdi ma hoa lién tiép gom cac khéi bit vec-to dé bicu dién cac miu ung vién. Khdi ma
hoa dy du ciia mot mau tmg vién bao gdm khdi ma hoa vi tri va khdi ma héa chudi. Véi mdi khdi ma hoa
chudi cé mot chi sd (position offsets) ding dé thu gon khéi ma hoa ciing nhu cho biét cac khéi vi tri nao 1a
khac rong va bat dau tir vi tri ndo trong day khéi ma hoa vi tri. Pay ciing 1 cdch nham loai bo di nhiing
khdi réng (bit rdng) trong day ma hoa khdi nguyén t6 va tdi wu tai nguyén luu tri.

- Dya vao ma hoa khéi nguyén t6, viéc tlnh toan s& nhanh hon tai mdi bude xtr 1y vi chii yéu la thuc hién
phép tinh udc chung 16n nhit ctia cac cip sd nguyén t6 trong diy khdi ma hoa. Diéu nay giam thoi gian
tinh toan do hd tro cho timg tng vién trong qua trinh khai thac miu tudn ty.

- D& xuit va hién thyc thuat toan dé xuat cho bai toan khai thic k miu tudn tu bang cach str dung phuong
phap ma héa khéi nguyén to.

- So sanh, danh gia két qua thuc nghiém vé6i thuat toan TSP [13] trén cac CSDL khac nhau, dic biét trén

CSDL day va lon.
Phén con lai ctia bai bao duge thiét ké nhu sau: Muc 2 trinh bay mét vai nghién ctru lién quan dén bai toan
khai thac k mAu tun tu, mau tun tr déng. Muc 3 mo ta cac dinh nghia bai toan lién quan dén bai bao.
Phuong phap bai bao dé xuat duge dé cap trong muc 4. Cac két qua thyc nghiém duogc trinh bay trong muc
5, két luan va hudng phat trién dugc dé cap trong muc 6.

2 CACNGHIEN CUU LIEN QUAN

Cho dén nay, nhidu nghién ctru di dugc d& xuit dé giai quyét bai toan khai thac mau tudn tu trén CSDL
chudi tudn tu nhu AprioriAll [19], GSP [9], SPADE [10], SPAM [2] Freespan [5], Preflepan [7] PRISM
[4], MCM-SPADE [12] .... Tuy nhién, cac thuat toan trén déu yéu cau mot ngudng hd trg tdi thiéu minsup
do nguoi dung dinh nghla Trong thue té, ngudi sir dung rat kho dé chon minsup dau vao sao cho phu hop
dé sinh tao ra diing s6 lugng mau ma ngum dung mong mudn. Bai vi, tiiy thudc vao minsup, thuét toan co
thé tré nén rat cham va tao ra mot s luong rat 1on cac két qua khong co gia tri hodc qua it két qua hodc
khong c6 két qua nao, bo qua cac thong tin c6 ich. Van d& nay rat quan trong béi vi trong thyc té, tai nguyén
vé thoi gian va khong gian luu trit 12 ¢6 gidi han dé phan tich cac két qua va viéc diéu chinh thong s6 minsup
sao cho phu hop 14 rit ton thoi gian cua ngudi dung. Dé giai quyét van dé nay, cac thuat toan khai thac theo
huéng k mau tudn tu phé bién d3 duge nghién ctru va dé xuét, v6i k 12 s6 mau c6 d6 hd trg cao nhit ma
ngudi ding mong mudn thuat toan tim kiém va tra vé ma khong can tinh toan dé xac dinh minsup 14 bao
nhiéu. Pai dién cho hudng tiép cin mdi ndy, co cac thudt toan sau nhu TSP [13], TKS [11]. TSP duoc
Tzvetkov, Yan va cong sy dé xuat dé khai thac top-k mau tuan ty phd bién ma khong yéu cau nguoi ding
cung cap gia tri minsup. Y tuéng chinh ciia thuat todn TSP 1a bat ddu voi minsup 1a 0, tiép theo minsup
duoc ting dan trong qua trinh xtr 1y va sau d6 sir dung minsup da ting dé giam khong gian tim kiém. Nghia
la ngay khi ¢6 k méu tudn tu duoc tim thay thi minsup s€ dugc gan cho mot gia tri 12 d phd bién cua mau
tuan ty c6 do phod blen nho nhit trong k mau tim dugc. Va nhu thé, minsup sé tiép tuc gia tang trong suot
qua trinh khai thac mau cua thuat toan. Thudt toan TSP dugc xay dung dwa trén cach tiép cin m0’ rong mau
cua thuat toan PrefixSpan [7], nghia Ia thuat toan thuc hién duyét co s¢ dir liéu dé tim cac mau chua duy
nhat mot phﬁn tir. Sau do, nd thyc hién dé quy dé mo rong cac mau va tim cac mau tuan tu bz:ing cach chiéu
va quét trén co so dit liéu chiéu ctia nd. Uu diém chinh cua cach tiép can dwa trén phép chiéu duoc s dung
13 n6 chi xem xét chudi con c6 tién t& va chi chiéu chudi con hau tb tuong tng cta nd vao co s& dir liéu
chiéu ma khong thyc hién viéc kiém tra khi phat sinh mau. Tuy nhién, thuat toan TSP sir dung phuong phép
dé quy dé chiéu duyét va chiéu trén CSDL chiéu nhiéu 14n nén rét tén chi phi, dic biét véi CSDL day dic
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do ¢6 rat nhiéu phép chiéu duoc thuc hién.

Thuét toan TKS [11] dwoc dé xuét b6i Fournier-Viger va cac cong su. Thuat toan stir dung CSDL bitmap
doc dé biéu dién thong tin dit liéu va sir dung thii tuc SEARCH cua thuat toan SPAM [2] tim kiém cc mau
tuan ty phd bién ciing nhu tién hanh tim va mo& rong cic mau. Bén canh d6, thuit toan ciing ap dung chién
luge dé tang hiéu qua khai thac k miu tuan tu bang cach ding danh sach L dé luu trit cac mau phd bién da
tim duogc cho toi hién tai v6i diéu kién cac miu trong L duge sip xép theo d6 hd tro ting dan. Khi c6 dung
k mau dugc tim théy, thudt toan tang minsup 1én br:ing do hd tro ctia mau phé bién c6 do hd tro thép nhét
trong L. Sau d6, mdi khi mot mau phd bién duoc tim thiy va thém vao L thi loai bd cac mau c6 do hd trg
thip nhat trong L cho t6i khi L chi chira ding k mau, dong thoi ting minsup 1én bang d6 hd tro cia miu cd
d6 hd trg thép nhét trong L. Thuat toan dung khi khong thé tao dugc thém mdt miu nao nira.

Bai bao nay dé xuit str dung phuong phap ma hoa khéi nguyén t6 [4] cho bai toan khai thac k mau tuan tu
trong do6 sir dung s nguyén chinh phuong duoc phan tich thanh cac thira sé nguyén t6 dé biéu dién thong
tin cta cac g vién va tinh toan do hd tro cua cac ung vién trong qua trinh khai thac mau tuan tu. Mot tap
gdm cac s nguyén t G={2, 3, 5, 11, 13, 17, 19} duoc dung dé phan hoach thanh cc khdi ma hoa lién tiép
cho céc khéi bit vec-to, img v6i cac mau Gmg vién 1a ma hoa theo chudi va ma héa theo vi tri. Khdi ma hoa
day du ciia mot miu tmg vién bao gdm khéi ma héa vi tri va khdi ma hoa chudi; twong tmg véi mdi khoi
ma hoa chudi cc') mot chi s6 (position offsets) dung dé thu gon khdi mi hoa ciing nhu cho biét cac khdi vi
tri nao la khac rong va bat dau tir vi tri nao trong day khéi ma hoa vi tri, day ciing 13 cach nhiam loai bo di
nhing khdi rdng (bit réng) trong diy ma hoa khéi nguyén td, toi uu tai nguyén luu trit. V01 mi hoa khéi
nguyén t6, khi khai thac dir liéu, viéc tinh toan s& nhanh hon tai mdi budc xtr Iy vi chu yéu 1a thyc hién
phép tinh wdc chung 16n nhat cia cac cip sé nguyén t6 trong day khdi mi hoa.

3 CACDINHNGHIA

Cho I = {i1, i2,...,im} 1a mot tap gdm m phan tir (duoc goi 1a item). Mot itemset 1a tap khac rdng va khong
c6 thr ty clia cac item. Itemset i ky hiéu 1a (i1, i2, ..., ik ) voi mdi Ij 1a mot item. Mot chudi (sequence) 1a
mot danh sach nhirng itemset c6 thir tw. Chudi s duoc ky hiéu la { €1, €2,..., en) hodc (e1—e2—...—en) voi
mdi ej 1a mot itemset, n 13 s lugng céc itemset. Kich thudc cia mot chudi 1a ) lugng itemset co trong
chudi do. Chiéu dai cia mét chudi 1a tong so item c6 trong chudi, ky hiéu 1a k = Y7, e;. Chudi c6 chiéu
dai k con duoc goi 1a k-sequence. Vi du chudi s = ((B)(AC)) ¢6 2 itemset gdm B va AC nén kich thudc cua
chudi s 1a 2, sb luong item trong chudi s ¢6 3 item gdm B, A, C nén chiéu dai cua chudi s 1a 3 va con duoc
goi la 3-sequence

Chudi = (81, 2, ..., fm) dugc goi 1a chudi con ciia chudi a = (a1, a2, ..., an)hay « 1a chudi cha cua S,
ky hiéu 8 € a, néu ton tai nhitng s6 nguyén 1< j1 < j2 < ... <jn < m sao cho B1E qjl, 2S aj2...., fmS
ajn. CSDL chudi tuan ty bao gdm mét tap hop cac chudi co dang (sid, s), trong d6 sid 1a dinh danh ciia
ch~u5)i va s 1a tap cac itemset. Mot {nﬁu 1a mot chudi con ctia mot chudi dir liéu. Moi mot itemset trong mot
mau con dugc goi la mét thanh phan (element).

Cho CSDL chudi tuan ty SD, mdi mét chudi ¢6 mot sb dinh danh duy nhét. Do hd tro tuyét dbi cua mot
mau f 14 tong s6 chudi trong SD ¢6 chira f, ky hiéu supp () = [{si € SD | f € sj}|. Do hd trg twong dbi cua f
1a ti 1¢ phan tram cac chudi trong SD chura f. O day, d6 hd trg tuyét dbi hodc twong dbi s& dugc sir dung
chuyén ddi qua lai, ki hiéu 1a sup(f). Cho trudc minsup, mot mau f duge coi 14 mau phd bién néu do hd tro
cua no 1on hon hodc bang minsup: sup(f) > minsup, khi do6 f dugc goi 1a mau tuan ty.

Vi du: Cho CSDL chudi tuan ty SD nhu bang 1 ¢6 tap cac item phan biét 1a { C, D, F} va minsup 1a 2. Xét
chudi s, = ((CD)CC(CD)CD), chudi s1 c6 6 itemset l: (CD) C,C, (CD), C, D vacé 8 item. Vay s1 c6 kich
thude 1a 6 va c6 d6 dai 1a 8. Trong chudi s1, item D xuét hién ba lan nhung d6 h tro cua item D chi duoc
tinh 1a 1 d6i voi chudi s1 d6. Chudi q = ((CD)C) 1a mot chudi con cua chudi s1, vi vay chudi con g con
duoc goi 1a mau. Trong SD, chi c6 chudi s1, S2 va S5 ¢6 chtra mau g, vay d6 hd tro ciia mau q 1a 3. Vi sup(q)
> minsup nén q 1a mot miu tudn ty.
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Bang 1 Co sé dit liéu chudi SD
SID Chuoi
((CD)CC(CD)CD)
((CD)CC)
(C(CD))
(CCC)

{(CD)(CD)(CD)(D) (CFH)
Bai toan khai thac k mau tuan ty 13 di tim k mau tuan tu trong CSDL mau tuan tu ¢ d6 hd trg cao nhit véi
k 12 s6 lugng mau tuan tw ma nguoi dung mong mudn.

G| =W [(N|F

4 THUAT TOAN KHAI THAC K MAU TUAN TU'

Thuét toan dé xuat dé khai thac k miu tuan ty goi 1a MKSP (Mining K Sequential Patterns) dugc trinh bay
trong Hinh 1.

Thuat toan nay ap dung phuong phap ma hoa khéi nguyén té dé biéu dién thong tin va gitp tinh d6 hd trg
clia miu tmg vién mdt cach nhanh chéng. Thoi gian thuc hién cia thuét toan chu yéu tap trung vao viée
phat trién mau ¢mg vién tir tap R va thém mau tudn tuy mai vao tap L va R nén do phirc tap vé thoi gian cia
thuat toan cha yéu phu thuge vao kich thuéc cia CSDL va s lugng mau. Do do, o phuc tap vé thoi gian
¢6 thé 1a O(n.m) (véi n 1a s6 lwong chudi trong co s& dit liéu va m 1a chidu dai trung binh cia cac chudi)
hodc cao hon (tuy thudc vao sb luwong va kich thudc cia cac mﬁu). Thuat toan lap di lap lai viéc mé rong
céc mau dé tao ra cac mau dai hon tir cic mau ngan hon va do phirc tap vé thoi gian ctia bude nay phu thude
vao sb lugng mau duoc tao va kiém tra d6 hd trg cua mau. Do vay do phuc tap vé thoi gian cua thuat toan
1a O(n”2 . m). Po phirc tap vé khong gian cta thuét toan O(n) hodc cao hon, n6 chii yéu phy thude vao kich
thudc cua tp L va R, cling nhu cac cau trac dit liéu ma thuét toan thuc té st dung.

Hinh 1: Thuét toan MKSP dé tim k m3u tuén tu

Vi du: V&i CSDL SD & bang 1 va k déu vao 1a 2, thuat toan MKSP thuc hién duoc mé ta nhu sau:
- Pau tién, thuat toan khoi tao minsup = 1; tap L, R dugc khoi tao 13 rdng.

Thuat toan MKSP:

Pau vao: CSDL chudi SD, sb nguyén k

Pau ra: Tap k miu tudn tu

Phwong phap thwce hién:
1. R :=0. L :=4g. mlnsup = 1.
2. Duyét CSDL SD dé& tim tlt cd frequent l-itemset va dua vao tép R
3. L€ k mdu trong R c6 d8 hd tro lén nhidt va gan

minsup := d& hd trg cha mdu trong L c6é6 d& hd trgo nhd nhét
4. Loai bd tédt cd cidc mdu r € R | sup(r) < minsup
WHILE R /= @ DO

L&y p € R c6 d6 hd trg 16n nhidt dé phat trién miu méi pnew va tinh
sup (pnew)dua trén khdéi m& hdéa nguyén tb
IF (sup(Pnew) 2 minSup) THEN

L := L U {pnew}
R := R U {pnew}
WHILE |L| > k AND Is € L | sup(s) = minsup
Loai bd s ra khoi L
minsup := d& hd trg cha mdu trong L cbd d6 hd tro nhd nhit

Loai bd p ra khoi R
Loai bd tlt cd cidc mdu r € R | sup(r) < minsup
ENDWHILE
return L;

- Sau do, quét CSDL dé tim cac mau don va dwa vao tap R, gom {<C>: 5, <D>: 4, <F>: 1.
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- Pua 2 mau trong tap R c6 d6 hd tro 16n nhat vao tap L gom {<C>: 5, < D >: 4}. Tang minsup=4, sau
khi loai bo cac mau trong R c6 d6 hd trg nhé hon minsup, tap R chira cac mau {< C>: 5, < D >: 4}.

- LAy mdu < C > c6 d6 hd tro cao nhit 1a 5 trong tap R ra dé phat trién mau, luc nay thuét toan c6 nhitng
méiu méi 1a < CC >: 5,< CD >: 3, bd sung cac mau méi < CC > vao tap R va tap L, thuc hién duy tri
2 miu (k=2) c6 d6 hd trg cao nhat trong tip L do d6 loai bé miu < D >: 4 ra khoi tip L va ting
minsup=5, khi d¢, L chira cac mau gébm {< C>: 5 va < CC >: 5}, R chira cac miu {< CC >: 5, <D >:
4%.

- Véi minsup = 5, thuat toan loai bo mau <D>: 4 ra khoi tap R va Iy mau < CC >:5 trong tap R dé phat
trién mau. Tuy nhién, khéng c6 mau méi nao duoc phat sinh véi mau < CC >, do d6 lic nay tip L van
tiép tuc duge duy tri v6i 2 mau {< C>: 5, < CC >: 5}, dong thoi minsup = 5.

- V&iminsup = 5, tai thoi diém nay, tip R khong con chira mau nao dé 1y ra phat trién mau, do d6 thuat
toan dung va tra vé két qua la 2 mau tuan ty 1a < C > va < CC > ¢6 d6 hd trg cao nhat bé‘mg 5.

5 KET QUA THUC NGHIEM

Dé do hiéu suét cua phuong phap dé xuét, cac thuc nghiém dugc cai dit trén may tinh Intel (R), Core (TM)
i5-3320M CPU 2.6 GHz, 8Gb RAM, hé diéu hanh Windows 10, ngon ngir 1ap trinh Java. Cac danh gia thuc
nghiém dugc hién thyuc va so sanh véi thuat toan TSP [13] trén bd CSDL chuan gdm Mushroom, Leviathan,
Sign va Kddcup99 dwoc tai vé tir dia chi trang web http://www.philippe-fournier-
viger.com/spmf/index.php?link=datasets.php. Pic diém cua bd dit lieu Mushroom gdm 8124 chudi, 119
item phan biét, sb itemset trung binh trong mdi chudi 1a 23; Bo dir liéu Leviathan gém 5834 chudi, 9025
item phén biét, s itemset trung binh trong mdi chudi 14 33; Bo dit lidu Sign gdm 730 chudi, 276 item phan
biét, s6 itemset trung binh trong mdi chudi 1a 52. B¢ dir liéu Kddcup99 gom 20045 chudi, 50 item phan
biét, s6 itemset trung binh trong mdi chudi 1a 16.

Céc thuc nghiém cuda thuat toan MKSP va TSP duoc thuc hién ung voi mdi gia tri k va két qua thu duoc la
gi4 tri trung binh sau 3 1an chay. Thoi gian thuc thi di voi ting thudt toan dugc thé hién trong bang 2.

Bang 2: Két qua thuc nghiém mg vai k khac nhau

Thoi gian thuc thi (ms)
CSDL K TG
MKSP TSP (TSP/MKSP)
1000 5686 10769 1.9
Mushroom 2000 9364 18072.3 1.9
3000 14158 23535.3 17
1000 7702 36563 4.7
Leviathan 2000 14070 612167 435
3000 19234 78251 40.7
1000 2130 3669 17
Sign 2000 3381 6424 1.9
3000 4736 11982 25
1000 15853 52157 33
Kddcup99 2000 30843 Tran b nhé
3000 47890 Tran b) nhé

82


http://www.philippe-fournier-viger.com/spmf/index.php?link=datasets.php
http://www.philippe-fournier-viger.com/spmf/index.php?link=datasets.php

Tdc gia: Pham Thi Thiétva cong su

Vi két qua thue nghiém duoc trinh bay trong bang 2 cho thay thuat toan MKSP c6 thoi gian thyc thi nhanh
hon so v&i thuat toan TSP, dic biét véi CSDL ¢6 kich thudce 16n va nhiéu item phan biét thi thoi gian cua
MKSP it hon rat nhiéu so v6i TSP. Cu thé nhu, véi CSDL Mushroom c¢6 119 item phan biét, gdm 8124
chudi va itemset trung binh trén mdi chudi 1a 23, khi nguoi dung mudn tim k = 2000 mAu tuan ty thi thoi
gian thuc thi cua TSP khai thac 1a 18072.3 ms trong khi do6 thoi gian xur ly cia MKSP chi 1a 9364 ms. Hoac
v&i CSDL c¢6 kich thuéc Ion va nhiéu item phan biét nhu Leviathan c6 5834 chudi, 9025 item phan biét,
v6i k = 3000 mau tuan ty thi thoi gian ciia TSP 1a 78251 ms, trong khi d6 MKSP 13 19234 ms, thap hon
khoang 4 lan TSP. Béi vi dbi vdi CSDL ¢6 kich thudc chudi 16n va nhiéu item phan biét nhu Leviathan so
véi Mushroom hoac Sign thi viéc xay dung cac CSDL chiéu dé phuc vu cho mdi budc dé quy phat sinh
mau ciia thudt toan TSP ciing t6n rat nhiéu chi phi vé thoi gian xir 1y hon so v6i phuong phap méa hoa khdi
nguyén td duogc st dung trong thudt toan MKSP. Pac biét ddi voi CSDL 16n nhu Kddcup99, thuét toan
MKSP thue hién duogc tat ca 3 truong hop ctia tham sb k, trong khi do6 thudt toan TSP chi thuc hién duogc
voi truong hop k=1000 con 2 truong hop con lai thi thuat toan khong thyc hién dugc boi vi thuat toan thyc
hién chiéu trén CSDL 16n s& dan dén viéc tran bd nhé do phai tao ra qua nhidu CSDL chiéu.

Nhu véy, qua két qua thuc nghlem trén b cac bd CSDL khac nhau cho thiy thuat toan MKSP bai bao dé
xudt c6 hiéu suit tot hon nhleu so voi thudt toan TSP vé thoi gian khai thac; dic biét, MKSP chiém vu thé
trén CSDL c¢6 kich thuéc mdi chudi 16n va nhiéu item phan biét. Bi vi thuat toan TSP tdn rt nhidu chi phi
vé thoi gian xay dung cac CSDL chiéu dé phuc vu cho mdi budc dé quy phat sinh mau, dic biét khi ting
gia trj k thi TSP khong thé hoan thanh viéc khai thic mau dugc do thiéu tai nguyén bo nhé trong khi do
thuat toan MKSP sir dung phuong phap ma hoa khéi nguyén t6 dé biéu dién thong tin cua cac Gng vién lam
tang hiéu suét tinh toan tai mdi budc xtr Iy vi chil yéu 1a thyc hién phép tinh udc chung 16n nhét cua cac
cap s nguyén té trong day khdi ma hoéa.

6 KETLUAN VA HUONG PHAT TRIEN

Bai béo da dé xuat sir dung phucmg phap ma hoa khdi nguyén to [4] dé gop phan lam ting toc d6 khai thac
clia bai toan khai thac k miu tuan ty tir CSDL chudi. Thuat toan dé xuat da duoc cai dat thuc nghiém va
thuc hién danh gia thoi gian thyc thi véi thuat toan TSP trén bd CSDL chuén dugc st dung rong rii trong
cong dong nghién ctru khai thac dir liéu chudi. Két qua thuc nghiém cho thay thuat toan dé xuat MKSP ¢
thoi gian thyuc thi nhanh hon so v6i thuat toan TSP.

Kham thac tri thirc thong qua cac mau tuln ty trong CSDL chu5i 1a rat hiru ich va cép thiét. Phwong phap
dé xuat trong bai bao da gbp phan lam tang toc do khai thac k mau tuan tu, huéng tiép theo s& nghién ciru,
kiém chung va danh gla hiéu qua vé viéc str dung tai nguyén bd nhé cua phuong phap de xuit va dam bao
hoat dong t6t trén nhidu bd CSDL khac nhau ciing nhu s& mo rong danh gia hiéu suit thuc nghiém cua
phuong phap dé xuat nay voi cac thuat toan khac ciia bai toan khai thac top-k mau tudn ty, cu thé 1a thuat
toan TKS[11].
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A PROPOSING FOR MINING K SEQUENTIAL PATTERNS

PHAM THI THIET, PHAM QUANG TRI, VO QUANG HOANG KHANG, VO PANG KHOA,
HUYNH TUONG NGUYEN

Faculty of Information Technology, Industrial University of Ho Chi Minh City, Ho Chi Minh City
Corresponding author: phamthithiet@iuh.edu.vn

Abstract. The problem of finding k sequential patterns from a sequence database has been researched and
proposed to solve the problem of how users can choose a minimum support threshold to find the number k
desired user patterns in the sequential pattern mining problem. This solution is highly appreciated because
the implementation cost is much lower than the traditional sequential pattern mining problem. However,
currently, the process of finding sequential patterns in the problem of finding k sequential patterns is built
according to the pattern development and projection database approach, so it costs a lot of money to perform
projections. To reduce execution time, this paper proposes to use prism block encoding method to represent
pattern information and calculate pattern support. Experimental results show that the proposed method has
better execution time than the projection method on projection database.

Keywords. sequential pattern, k sequential pattern, prism block encoding.
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